MicroRNAs (miRNAs) have been reported as potentially being useful biomarkers for various diseases including cancer, diabetes mellitus, heart disease, neurological disease and age-related diseases. In the present study, we aimed to determine whether the expression levels of circulating miRNAs in serum were changed with aging or sex. Serum samples from seven elderly males (69.86 ± 1.77 years old) and females (72.43 ± 1.49 years old), and six young males (26.17 ± 0.83 years old) and females (23.17 ± 1.52 years old) were obtained from the subject's forearm at rest. The expression levels of circulating miR-146a and miR-20a in serum were determined by real-time TaqMan PCR. There were no differences in the expression levels of miR-146a between all groups. There was a significant interaction in this main effect where miR-20a levels were significantly lower in elderly male subjects when compared to young male subjects with no difference observed in young or elderly female subjects (p = 0.004 and p = 0.971, respectively). These results suggest that not all the miRNAs in the circulation are influenced by the effect of aging, but only some miRNAs may be selectively changed by the effect of aging.
Introduction
MicroRNAs (miRNAs) are small non-coding RNAs, which are approximately 22 nucleotides in length. MiRNAs interact with the 3' untranslated regions (UTRs) of target mRNAs via their 5' terminal sequences, thereby degrading and/or repressing translation of the mRNAs. Thus, it is hypothesized that miRNAs participate in the control of various biological phenomena [1] [2] . MiRNAs have been reported as potentially being useful biomarkers for various diseases including cancer, diabetes mellitus, heart disease, neurological disease and age-related diseases [3] - [12] .
Previous studies have reported that some miRNA expression levels were changed with aging and sex. For example, out of 240 miRNAs, there were sex differences in the expression levels of 62% miRNAs in mouse brain tissue [13] . In humans, the expression level of miR-26a in liver tissue was higher in women than in men [14] . It has also been reported that miRNA expression varies with aging in several tissues and in blood. For example, among 599 miRNAs in the mouse heart, 31 miRNAs are downregulated and 34 miRNAs are upregulated with aging by more than 1.5 fold [15] . Quantitative analysis using real-time PCR revealed that miR-34a was increased in hearts of aged humans and mice [16] . In recent years, it has been suggested that senescent cells accumulate in aging individuals [17] . In senescent cells of mice and humans several miRNAs, including miR-34a and miR-146a, were increased [18] - [20] . Other studies have shown that miR-20a expression was associated with various senescence models [21] - [25] . The other studies have also shown that circulating levels of miR-21 [26] , and miR-151a-3p, miR-181a-5p and miR-1248 were significantly decreased in elderly subjects when compared to young subjects [27] .
One previous study has reported that circulating miR-146a was significantly increased after an acute bout of endurance exercise [28] . In contrast, we revealed that circulating miR-146a was significantly decreased three days after an acute bout of resistance exercise in humans [29] , suggesting that circulating miRNAs are differentially influenced by different types of exercise. Other studies have reported that circulating miR-146a was decreased in patients with sepsis or systemic lupus erythematosus [30] [31] , and increased in patients with hepatocellular carcinoma or liver cirrhosis [32] , chronic hepatitis C virus infection [33] , and congestive heart failure [19] . These findings may suggest that circulating miR-146a is possibly influenced by aging, which is closely related to inflammation, or estrogen, which has a strong anti-oxidative capacity and is reduced in postmenopausal women. However, it is unclear whether aging or sex differences are confounding factors of the miR-146a expression in the circulation.
On the other hand, it has been reported that miR-20a is related to cell senescence, as described above, but the influence of aging on miR-20a expression in blood has not been evaluated. In previous studies, miR-20a expression in blood was increased in patients with high risk the Cancer of the Prostate Risk Assessment scores [34] , lymph node metastasis of early-stage cervical squamous cell carcinoma [35] , hepatitis C virus infection [36] , nasopharyngeal carcinoma [37] , breast cancer [38] and gastric cancer [39] , and decreased in patients with systemic lupus erythematosus [40] and chronic obstructive pulmonary disease [41] . However, it is unclear whether aging or sex differences are confounding factors of miR-20a expression in the circulation.
The purpose of this study was to evaluate whether the expression levels of circulating miR-146a and miR-20a in serum were changed with aging or sex differences. To verify this, we compared serum samples from young and elderly human males and females.
Methods

Subjects and Ethical Approval
Elderly subjects, aged 65 to 78 years old, were recruited from participants who qualified in the specific health checkup in Kusatsu-machi, Gunma prefecture, with the cooperation of Tokyo Metropolitan Institute of Gerontology. On the other hand, young subjects, aged 19 to 30 years old, were recruited from Waseda University. Data from seven elderly males (69.86 ± 1.77 years old) and females (72.43 ± 1.49 years old), and six young males (26.17 ± 0.83 years old) and females (23.17 ± 1.52 years old) were used in this study.
Written informed consent was obtained from all of the subjects. Ethical approval for this study was conformed to the standards of the Declaration of Helsinki, and the study protocol was approved by the Tokyo Metropolitan Institute of Gerontology Ethics Committee and the Waseda University Ethics Committee.
Blood Sampling and RNA Isolation
Venous blood samples were obtained from the subject's forearm at rest. Serum samples were prepared by centrifugation of the whole blood at 1000 × g for 10 min following 30 min incubation at room temperature. Then, 400 µl of the serum was mixed with five volumes of QIAzol reagent (Qiagen, Valencia, CA). To allow for normalization of sample-to-sample variation in RNA isolation, synthetic C. elegansmiRNAs, cel-miR-39, cel-miR-54 and cel-miR-238 (synthetic RNA oligonucleotides synthesized by Fasmac, Odawara, Japan), were added (25 fmol of each oligonucleotide in a 5 μl total volume) to each sample. These samples were stored at −80˚C until analysis.
Total RNA, including small RNAs, from 400 µl of serum was isolated with miRNeasy Mini Kit (Qiagen, Valencia, CA) according to the manufacturer's instructions, with some modifications. Briefly, chloroform was added to the mixture of serum, QIAzol and synthetic C. elegans miRNAs, cel-miR-39, cel-miR-54 and cel-miR-238, in equal volume to the serum and vortexed well. After centrifuging for 15 min at 12,000 × g at 4˚C, the upper aqueous phase was transferred to a new collection tube, mixed with 1.5 volumes of 100% ethanol, and transferred to an RNeasy Mini spin column. After centrifuging for 1 min at 15,000 × g at 25˚C, 700 μl of Buffer RWT and 500 μl of Buffer RPE were added to the RNeasy Mini spin column followed by centrifugation for 1 min at 15,000 × g at 25˚C to wash the column. Finally, RNA was eluted with 50 μl of elution buffer.
miRNA Expression Analysis
The TaqMan MicroRNA Reverse Transcription Kit and TaqMan MicroRNA assays (Applied Biosystems, Foster City, CA) were used for real-time PCR quantification of mature miR-146a and miR-20a expression levels [29] . The cel-miR-39 was used as an exogenous control for miRNA expression levels. The results of the real-time PCR were first presented as Ct values, and the ΔΔCt value was calculated for each miRNA using the Ct value of cel-miR-39 and the mean Ct value of miR-146a or miR-20a. Using the formula 2 −ΔΔCt , we calculated the fold-change in young females, elderly males and elderly females relative to young males.
Statistical Analysis
Quantitative miRNA expression data were analyzed using ΔCt values, normalized to cel-miR-39, for the target miRNA. Unpaired two-way ANOVA tests were used to test for differences between groups. Statistical significance was established at p < 0.05. Data are presented as the means ± standard error (SE). The difference in circulating miR-146a levels compared between (a) young subjects and elderly subjects, and (b) male and female groups. Youth: young subjects; Elder: elderly subjects. (a) Circulating miR-20a levels compared between young subjects (n = 12) and elderly subjects (n = 14). * p < 0.05 when compared to young subjects. (b) Circulating miR-20a levels compared between male (n = 13) and female (n = 13) groups. (c) Circulating miR-20a levels compared among four groups; young male subjects (n = 6), elderly male subjects (n = 7), young female subjects (n = 6) and elderly female subjects (n = 7). ** p < 0.01 when compared to young male subjects. Youth: young subjects; Elder: elderly subjects.
Age and sex differences are important confounding factors when using medical data as biomarkers and also when analyzing miRNA data. At first, we focused on aging because it has been reported that miR-20a and miR146a were related to cell senescence. Cell senescence is a state of irreversible cell cycle arrest, and it has been described as the limit to the replicative lifespan of somatic cells in vitro [42] . Recent studies have shown that senescent cells triggered secrete various factors such as proinflammatory cytokines and chemokines [43] - [46] . This phenomenon is called senescence-associated secretory phenotype, and occurs in various tissues of old mice [47] . These findings suggest that cellular senescence is related to tissue, organ and body aging, and it might be possibly linked to the miRNA profile in blood. Secondly, we focused on sex differences. To date, there has been no report on difference in the expression of circulating miR-146a and miR-20a between males and females.
When the quantitative miRNA expression data were analyzed, we normalized to cel-miR-39; it has been considered to be suitable for normalization and used well in previous studies because of not having similar sequence with known miRNA in human. Circulating miR-146a did not differ between groups, and according to this result, circulating miR-146a is not affected by aging or sex differences. On the other hand, circulating miR-20a levels were significantly lower in elderly subjects when compared to young subjects. We further demonstrated a significant interaction and revealed that miR-20a levels of elderly male subjects were significantly lower when compared to young male subjects and found no differences in young or elderly females. Though mechanism of the reduction in elderly male subjects has not been revealed, this indicates that aging and sex should be considered as a confounding factor when investigating the circulating levels of miR-20a. For example, in a previous study, circulating miR-20a was reported to be increased in patients with hepatitis C virus infection [36] , but the age and sex profiles were not matched between the control group and the patient group. On the one hand, another previous study reported that circulating miR-20a was decreased in the patients with chronic obstructive pulmonary disease [41] , but the subjects' characteristics were not described. If miR-20a is to be used as a biomarker of these diseases, aging and sex must be considered as confounding factors. If the variation remains after the adjustment of these confounding factors, miR-20a may prove to be of great value as a biomarker.
In the present study, we revealed that the effect of aging on circulating miRNAs differs between miRNAs. This means that not all the miRNAs in the circulation are influenced by the effect of aging, but only some miRNAs may be selectively changed by the effect of aging. Our result suggests that we should examine the difference of circulating miRNAs in different population (age, sex, etc.) when we compare and analyze the expression levels of them among various subjects. Further studies are needed to evaluate the comprehensive changes of circulating miRNAs by the effect of aging and sex differences.
